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IRISH COPPER CELTS.

By Grorce Corrry, M.R.LA.

[Witn Prares XXI-XXXIV.]

Tue late Sir William Wilde was, I believe, the first to make a separate classification
of the copper celts found in Ireland as distinguished from those of bronze. In his
Catalogue of the Museum of the Royal Irish Academy, he deseribes or mentions
thirty specimens. The collection of copper celts in the Dublin Museum now
nunmbers 84.! At the date of Wilde’s Catalogue, 1861, only one specimen had been
analyzed, No. 16, analyzed by J. W. Mallet about 1853, the rest were classified by
“the physical properties and ostensible colour of the metal.” The appearance of
the metal will seem a doubtful method of classification, but the yellow glint of
bronze is very noticeable when contrasted with the red lustre of copper. It may
be of interest to mention that in arranging the Dublin collection of celts, I sclected
those of copper in the first instance by the copper look of the metal. The sulse-
quent analyses of eleven specimens in no case showed the selection at fanlt.
Some of the specimens approach the type of the flat celt of bronze, and I fully
expected from type considerations that in these instances a considerable percentage
of tin would be found, notwithstanding their copper look. This did not prove to
be the case, showing that the colowr and lustre of the metal was a fairly safe
guide, and that the selection had not been unconsciously directed by type.

The distribution of copper celts in Ireland is not confined to particular
localities. Specimens have been found in the following counties: Donegal, London-
derry, Antrim, Tyrone, Sligo, Mayo, Galway, Fermanagh, Cavan, Louth, King’s,
Kilkenny, Tipperary, Limerick, Waterford, Cork, Kerry, counties which embrace
the extreme north and south, and east and west of the Island, and include
inland and central counties.’

t Mr. Day, Cork, has 24 ; the Museum of the Nat. Hist. and Phil. Soc., Belfast, 10; the
Public Museum, Belfast (Grainger Collection), 5; Mr. Knowles, Ballymena, 6 ; the Murray
Collection (now at Cambridge), 8. The number found in Ireland up to the present is probably,
therefore, not short of 150.

t Trans. R.1A., vol. xxii, p. 325.

3 Dublin Collection—Donegal, 1; Londonderry, 1; Antrim, 1; Tyrone, 1; Mayo, 1;
Galway, 4 ; Cavan, 2; Louth, 1; Tipperary, 1 ; Watertord, 1 ; Cork, 1.

Day Collection (Cork)—Fermanagh, 1; Kilkenny, 1; King’s, 5; Limerick, 2; Cork, 4;
Kerry, 3.

Knowles Collection (Ballymena)—Antrim, 3.

Evans’s “ Bronze Implements”—Fermanagh, 1; Cork, 1.

Sir John Leslie (Glaslough, co. Armagh)—Sligo, 2.
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Yefore proceeding to the desexiption of types, it will be convenient to discuss
the analyscs.

Tn 1899 Mr. J. Holms DPollok, I3.Sc., Assistant Chemist, Royal College of
Science, Ircland, kindly analyzed eight specimens for me, the results were
communicated to the Dritish Association, at the Dover mecting in that yemr'
Mr. Pollok wifortunately did not separate the tin aud antimony. When |
subsequently drew his attention to this, it was found that the residucs containing
the tin and antimony had been thrown together, so that it was not possible to
determine the tin and antimony separately for each specimen without fresh
analyses. Tt was thought pneferable to amalyze three additional specimens,
selected from the Deginning, middle, and end of the type series, as giving as
well as the separate determination of the tin and antimony in these specimens,
4 larger range of analyses for comparison. Two of the specimens were analyzed
by Mur. Pollok, the thivd by My D. S, Jardin, AR C.ST.

In addition to the eleven spechmens mentioned and that analyzed by Mallet,
. a flat copper celt from Iveland, in the British Museum, has been analyzed by M-
W. Gowland, FS.A, FS.C. In all therefore, thirteen specimens have been
analyzed.  The analyses are set out in the following table—the Musewm
reference is given, and the locality, when known. (See p. 267.)

Making the maximum assamption that the determinations retuined by M.
Pollok as “Tin and Antimony ” are wholly tin, it will be seen that in ten
specimens out of the thirtcen the percentage of tin does not exceed 0:51. In
seven specimens it does not exceed 01 per cent. In one specimen only (W. 16,
Alallet) does it exceed (by a small fraction) 1 per cent.

The analyses, as will be seen from the table, agree substantially amony
themselves and with those of copper celts from other parts of Jourope.®

The presence of a small percentage of tin in these celts, as also frequent!y
found in examples from other parts of Europe, raises the (uestion whether the tin
8 to be regarded as intentionally added or as derived from the copper ore? In
other words, whether such celts are to be classed as copper or poor hronze ? A
good deal of doubt still exists among archaologists on this point.

v Proceedings of the British Association, 1809 (Dover), p. 872-3.

2 With the exception of the specimens avalyzed by Mallet and Gowland (sulphur, nil and
trace), the sulphur has not Leen estimated. It has been supposed that the presence of sulpliur
indicated that the copper had been obtained from sulphide oves. Mr. Gowland has, however,
shown that this is not necessarily so ; the most oxidized ores contain small proportions of iron
and copper sulphides, and when reduced, the copper will contain quite as much sulphwr as
analyses of copper implements show. No point, therefove, turns on the sulphur.  Archeologic,
vol. lvi, p. 275.

3 See Montelius, Die Chronologie der ultesten Bronze-zeit in Nord-Deutschland. The ounly
specinien out of lineis Fig. 26 (W 10 Waterford), which contains an unusnal amount of lead (2-74).
Lead is frequently associated will copper, and the copper deposits in the district from which
this celt comes are penetrated in many places by lodes and strings of lead. The celt is well
shaped and finished, but the metal is noticeably soft compared with the other specimens
analyzed. Tt is, thevefore, probuble that the high percentage of lead is accidental.
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Copper.

Fig. 2(1897,1,313) ... ... 9978

, 14 (1881, 136), Cork ... 9873

15 (W, 3), Londonderry ... 9843 trace¥

22 (R. 1,633) ...  ..| 9876
w26 (W, 10), Waterford ...| 9646
o 27 (1870,20) .. .| 9824
s 28(W.16)... ... .| 9874
~ 30 (1897, 112), Tyrone ...| 9723
. 34 (1896, 7) BT Y S
. 39 (1875,20) .. .| 9824

41 (W, 96)... ... .| 994

45 (1874, 38), Galway ...| 9768

(British Museum)  ...| 9822

Tin. I‘]Aléll:}:! Arsenic. | Lead. | Zinc. | Nickel. |Silver.| Gold. , lron. ‘Bisnmths Total. :
" | L |
|
003 trace nil nil — nil 01 | — nil 99:96 Jardin.
0'10% —* 018 007 nil nil 013 — | il — /N Pollok.
—¥ 076 005 nil ml 025 — nil - 9949 “
005 061 078 ntl — nil 017 | nil nil nil 100°37
0-05% —* trace | 274 | nil 121 nil -~ 1025 — 9971 1,
0-&3% —¥ 013 012 nil nil 007 - nil — 9931 ‘
1:09 nil nil nl nil - 006 | trace | 0'08 — 9997 | Mallet (sulphur,
nil; ecobalt, nil).
05H1* - 156 1017 nil nil 025 — [ 010 — 49-84 Pollok.
027* —* 186 017 | il nil j 011 — nil — 99°58 "
0'83% —* 013 012 htl nil ‘ 007 — nil — 9939 "
006 | oo1 | 028 | wil | — | 012 |trace | wil | 008 | nil 9999 .
0°70% ¥ 076 nil 044 nil ; 018 — nil — 9985 "
012 nil ‘ 104 | trace - nil 016 I — | 017 9971 Gowland  sul-
| phur, trace).t
i

* Tin and antimony.

+ This analysis has not been

published previously.
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The chemists do not venture to decide the question.  Th. Gladstone, writing
in this Jorrnal in refercuee to the presence of small quantities of tin in sowme
Igyptian implements, observes: “There can be little doubt that the admixtine of
tin was made for the purpose ol hardening the copper, like the arsenic and
antimony, and small as it is would have an appreciable cftect.  L'hat so little was
employed in these very early days was probably due to its costliness. It is
possible also that it existed orviginally in small quantities in some copper ores:
whiclt would in consequence be much sought after as producing a good hard
metal.” !

Without discussing the particular case ol Xgypt, it appears to me, from the
analyses available, that, as vegards Europe, the presence of a small percentage of
tin is a more common impurity in copper orves than is generally supposed.  The
analyses of coarse coppers, both as regards (in and other impurities (arsenic,
antimony, ete.), agree closely in imany instances with the analyses of the copper
celts. In the case of the comrse coppers it is known that the tin and other
nnpuritics arve devived from she ove. A prima jfocie case is, thervefore, T think,
made out for the devivation of the tin from the ore, and I do not see that there is
a suflicient reason to liffeventiate the tin from the other impurities in the copper
celts.  .\rsenic and antimony are comunob nupurities i copper ore, and the
question of thetr intentional addition cannot arise vunless the quantities are Lurger
than may be expected (rom the ove.  Of two explanations we should aceept the
stmpler, mud only when it has been shown that the local oves, from which it may
be presumed the copper was obtained, are free from tin, does it seem allowable Lo
argue that the tin has been added, aud even then the possibility that the coppers
ov impleents were nuported has to be cousidered.

[t has been stated that the copper oves of Kurope do not contain tin, at least,
those which do not come [rom tin distriets.?  IWhat is a tin district is a question
ol degree.  Outside Cornwall tin is found in paying quantitics, or is known to
have been worked n former thwes in the north-west of Span, Saxony and
Bohemia, near Lunoges in I'rance, and i wore than one locality in Drittany.
In addition to these localities it is known (o occwr in Silesia and at TFindho in
Sweden The hist conld be extended, we may add Wicklow in Ireland.

In reference to the presence of tin in copper ores from non-tin districts, Dr.
W. K. Sullivan observes: “ Even in distriets where tin oves arve not found, at least
in any quantiby, some tin may occur in copper ores, sueh as Gray Copper.
According to an analysis made by Henr G vom Rath, the Fahlerz of Kotterhach
contains 0G4 1o 0-75 of tin.”?

Y Jowrn, nthrop. Inst., xxvi, | 312,

* Morlot, Mein, Soe. datiquarres dw Nord, vol. v, p. 25.

3 T take these localities from Sullivan’s chapter on the “Sources and Composition of the
Ancient Bronzes of Jurope,” in his Introduction to O'Curry’'s Manners and Customs of the
Ancient Jrishy p. 419,

o po Aok Ananalysis of fredricite) a variety of tennantite, gives tin 1-41.  This mineral
oceurs at FFalu, Sweden.,  Dana’s Wineraloyy. Appendix I1L
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As instances of tin in copper, Sullivan quotes an analysis by Genth of refined
Norway copper containing 027 tin, aud an analysis of Swedish dlack copper,
analyzed at the Mining School of Fahlun, containing 0-07 tin.!

The investigations of the brothers Siret have established the presence of tin
to the extent of 04 to 05 per cent. in copper ore from the south-east of Spain.
This is not a tin district, and, though searched for, no tin ore was found in the
localities from which the copper ores were taken. This case is of the first
importance, as the evidence is full and definite.

At Parazuelos, ore collected for smelting by the prehistoric inhabitants of the
site was identified Ly analysis with the local ore, chiefly blue and green carbonate
of copper. Analyses of the ore and slag left Ly the ancient smelicrs gave the
following results : —

Ore. Slag.
Copper (CuQ) 2593 15-32
Tin (Su0) ... 010 006
Lead (P’bO)... 060 1-84
Arsenic (As,0,) ... 1-86 025
Antimony (S1,0,) ... 062 0-20

Gold trace —
Silver trace trace
Sulphur o o s et v trace 064
ron (Fe,0,) 5956 5673
Nickel (NiO) 040 061
Non-metallic elements (details, see Sircts) 3143 24-35
10000 10000

At another station, Campos, the ore and slag gave—

Ore. Slag.
Copper (Cu0) 5558 306
Tin (Sn0) ... 029 028
Lead (PLO)... trace trace

' "These aualyses are also set out in Lercy’s Metallurgy, and other works on metallurgy.
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Isoluting the copper and tin, the figures eorvespond to--

—_— PARAZUBLOS, Canrpos,
| v
Ore, Slag, Ore. Slag.
Metallic copper ... L 2072 1224 4444 2442
" Lin 008 0-05 0-25 025

These  figures  indicate that the process of sinelting was primitive and
mperfect.  Allowing 10 per cent. tor volatilization of other substances in the
ore, the Sirets estimate, as the figaves show, that the prehistoric smelters were
only able to extract about 52 per cent. of the metal from the ore.

The fligures further show that at arazuelos these metals form an alloy in
the ore eontaining 038 tin, and 1w the slag 0-k tin. Tt Tollows from this that
the copper resulting from the veduction of the ore should contain about 040
tin. To the samme way, the ove from Cainpos should yield a copper containing up
Lo 05 tin!

As regards the absence of sin ore in the district the Strets state :(—

“Puomeins agowrd’hui v'en connait-on ancun gisement. M. Moldenhauer,
qui depuis de lougues amndes a fait wn nombire considérable dCanalyses des voches
et minerais les plus divers, nous asswre que jamals il 'a rencontré mwn seul
fragment contenant de 1'dtain dans des proportions tunt solt pew umportaies.
Nous-méimes avons parcomnrt le pays en Lows sens, visité presque tous les gisements
metalliferes analysé un crand nombre de mimerals, nous navons junais rencontré
Létain”?

[n Cornwall, as is well known, tin ocewrs in considerable quantities in some
of the copper ores. They are distinguished by the smeltors as tinny oves.  The
following quotation from Napier may be recalled in tins connection.  Many of the
dissinguishing chavacters of wivore “depend more upon the forcign matters mived
mechanically with the copper mineral than forming a4 chemical constitaent of it

‘The minerals composing a vein are generally of a great variely of kinds,
containing often copper, tin, antimony, hismath, tron, nickel, cobalt, wmscnie,
manganese, silver, ete., besides what are termed the carthy inerals or watrix,
such as quariz, e, slate, ele. Tnomining, the contents of the vein are taken out,
so fur as it containg any of the metal ov ctals sought after; so that what is
technically termed o copper ore s often a mixture of evervthing that the vein

confains.™

v Les Premaers dges du Metul dons le sud-est de U Espagie, p. 215.
s 217,
* Napier on Copper Smelting, ki, Vg, iv (1852), p. 47.
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Refined English copper often contains a small percentage of tin. DBut it is
with unrefined coppers that we should compare the celts. The following nine
analyses of coarse and blistered coppers are taken from Napier.!  Blistered copper
is the purest form of copper obtained by smelting and requires no further treat-
ment but refining.  Re-fusion of coarse copper brings it to the quality of blistered
copyper.

— Coarse copper. Blistered copper.
|
i
Copper . 956 | 925 | 9000 | 934 | 948 ) 894 | 974 | 980 | 985
on v e el 03] 12| 14 l‘ 24| 20| 20| 07| 05| 08
Sulphur o 04 25 15 06 06 24 02 03 01
Siliea oo e o . 02] 04 26{ 07| 03| 24| — | — | —
Tin and antimony ... wed| 2221 20| 03 ‘ 05 11 1-3 10| 07} —
Lend (.. e o — — 05 — — — — —
Oxvgen and loss .., o T4 14| 42 29 12| 25| 06 05| 06
' I
1000 | 1000 | 1000 | 1000 | 1000 | 100°0 | 1000 11000 | 1000
| ; ,

The tin and antimony are not separated in these analyses, but we may
presume that an appreciable percentage of tin is present.?

In the south-east of Spain, as we have scen, the primitive smelters were not
ahle to extract more than 52 per ceut. of the copper and tin in the ore.  The loss
of tin in the smelting, it will be observed, was comparatively small. It appeared
o me, therefore, desivable to ascertuin the percentage of tin which might occur
in copper ore from a rich tin district. I accordingly wrote to Messrs. Vivian,
of Swansea, on the subject in October, 1899, The Messrs. Vivian most kindly
offered to have their next consignment of Cornish ores tested for tin.
Subsequently, under date January 17th, 1900, Mr. Odo Vivian wrote to me:—

“ A short time ago we promised to let you have a few facts with regard
to the contents of tin found in the Cornish ores which we used to treat.”
My, Vivian then sets out the following table of wet assays:—

' Vol. v, p. 351.

* An analysis by Le Play of black copper smelted at Swaunsea gives : Copper, 865 ; ivon,
manganese and nickel, 3:2; tin, 07; arsenic, 1-8; sulphur, 69, Two samples of blistered
copper also by Le Play : (1) Copper, 98%t; iron, 07 ; nickel, cobalt, manganese, 0-3 ; tin and
arsenie, 0745 sulphur, 02, (2) Copper, 97-5; ivon, 0°7; nickel, cobalt, manganese, 09 ; tiu
and arsenic, 0'8; sulphur, 0°1.  (1he tin possibly includes antimony.) .nnals des Mines,
4 8ér. XTI, pp. 453 and 486, Sce also Perey.
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I
— Tous. Copper. Tin.
| per cent. per cent.
1. Mixture of Levant ...| 54, 55, 56, 68, 12-3 094
69, 70
2. . N ” L 20, 41, 42 104 trace
3. C. B and Tin Croft ... 55 74 trace
4. Devon Great Consols ... 50 64 j 0-75
5. Dolcoath 6 11-9 | trace

AMr. Vivian adds, from Nos. 1 and 4: “It will appear that the tin may have
heen left in the metal after the smelting operations, and not necessarily added
in the form of alloy.”

It will be observed that tin is present in all these assays. Isolating the
copper and tin in Nos. 1 and 4 it will be fonud that the proportions of copper
to tin are, in the first case, 9276 copper to 724 tin, and in the secoud, 8952
copper to 1048 tim.

If we can apply to these figures the results of the analyses of oves and
slag obtained by the Sirets; that is, if the presence of a large propurtion of
tin and the character of the ore do not seriously aflect the conditions; it follows
from the figures for the Cornish oves that the copper obtained by primitive
methods of smelting from the ores of a rich tin district might contain a
considerable proportion of tin, a proportion in fact greater than that found in
the copper celts. The copper ores of Saxouy and Bohemia would probably yield
results comparable as regards tin to the Cornish ores.

I am not at present able to ofter direct evidence as regards the piesence of
tin i Irish copper orves. The Irish copper mines have not bLeen worked for
some years, and I have found difficulties in prosecutiug that portion of the
inquiry. I hope, however, before long, to be able to complete this branch of
the subject.

Copper is found in many parts of Iveland. The chief mining districts are
on the south-east and sonth coasts, in the counties of Wicklow, Waterford, Cork
and Kerry. It has also been mined on a small scale in Clare, Limerick, Galway,
Leitrim, etc.

Tin has been found in considerable quantity in the Goldmines River, Ovoca,
in the copper district of Wicklow. Mallet says: “The occurrence of this mineral
(tin) in the sand is mentioned by Weaver in his reports on the gold stream-works,
but he does not seem to have been at all aware of the large quantities in which
it exists.” Ie adds that he obtamed 3% 1bs. of tin from about 150 1bs. of sand.!

v Journ. Geol. Soc. Dublin, vol. iv (1848- 50), p. 272. W. W. Smyth, Records of the School
of Mines, vol. i, p. 404,
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This is a very high return, and if at all general would have placed the Wicklow
tin in the first rank of strcam-works. Tin has also been found at Dalkey in the
co. Dublin, where it occurs in a lode with lead and zine. The lode has been
worked for lead and is now exhausted.!

Nennius mentions tin at Killarney (Loch Leane), co. Kerry, and Dr. Smith,
author of the History of Kerry, states that he picked np small specimens of ore
at Killarney which contained some tin,> but this locality requires confirmation.

From what has already been established as to the occurrence of tin in copper
ore, and from the fact that tin has been found in quantity in at least one
locality in Irveland, it is I think more than probable that it will be found
in some of the Irish copper ores. Indeed, the presnmption from the general
evidence appears to Dbe so strong, that a few negative analyses would not
upset 1.2

Mr. Gowland has pointed out that the ores which would Dbe first sought for
copper, would be the oxidized ores—oxides and carbonates. This he infers from the
fact that they are surface ores, and are more easily reduced than the sulphides.
The oxidized ores require only the single operation of smelting, whereas the
sulphides must Dbe first calcined. Malachite occurs at Tinnehely in Wicklow,
close to the tin, and carbonate and black oxide of copper at Barnavore. In the
Upper Cronbane and the Connary mines, in the same county, the principal
deposits of copper consist largely of Dblack oxide, of which the portions near the
surface chiefly consist.t Large deposits of the carbonates of copper occur in the
Cork and Kerry mines.”

TypEs.

Figs. 1 to 10 represent the rudest forms of copper celts. They closely
resemble the stone celt forms found in Ireland. A few of the latter ave
ustrated for comparison (Figs. 5Y, 60, 63 (p. 274) and Plate XXXIV). Fig 1
furnishes particular evidence on this head, the pointed butt being distinctive of a
class of stone celts, an example of which is shown in Fig. 62. This is the only

' Kinahav, “TIrish Metal Mining,” Journ. Roy. Geol. Soc. Iteland, vol. viii, p. 11.

= Mistory of KNerry, p. 125,

3 Gray copper ore is frequently mentioned in the Geological Survey Memoirs, especially for
the Cork and Kerry districts, but this appears to be chiefly vitreous copper (chalcocite, Cu,S),
and not true Gray Copper. For this use of the term see Kane, Jadustrial Resources of Ireland,
ond lidition, p. 185, and Tercy, p. 310. Kane mentions a large deposit of this ore near
Dungannon, ¢o. Tyrone (a northern locality), p. 200. True Gray Copper, arsenical variety,
occurs in quantity in the Ardtully lode, Kenmarve Valley, co. Cork. An analysis of the ore
from this lode dees not contain tin, but it is not clear that it was looked for. Journ. Geol. Soc.
Dublin, vol. vi, p. 212.

4 Bmvthy Records of the School of Mimes, vol. i, pp. 362, 380, 383.

s Qelogical Survey Memoirs, Sheets 197 and 198, “Green carbonate of copper occurs
abuncantly lLetween the dark purple slates and yellow shales of whav may Ve called the
passage beds hetwoen the old red and yellow sandstones, in a vast number of localities in the
south of Ireland” Sheet 184, p. 37.
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instance of a eopper celt of this form which T know of from Ireland. The majority
of the other examples resemble common forms of Irish celts, more or less ovate
andd tlvnned down to both ends.

It may scem doubtful wlhether these stone celt forms are to be regarded as
ingots cast in the traditional form of the stone celt, or unfinished implements.
In several instances no attempt has been made to grind them to an edge (Figs. 1,
2.3, and 8). In other cases, however, the celt has been rubbed down more or less
over the body and the edge ground for use (Figs. 4 to 7). The range in size,
moreover, appears to support the intention of their being implements. Figs. 6
and 7 may be compared with the small stone celt (Fig. 59). In Figs. 11 to 13
we see the beginning of the development of the metal type, with expanded cutting
edge.  These three examples must, I think, be regarded as unfinished implements,
the edge of Ifig. 13 is ground and sharp, while the marks of casting have been
left untouched over the body of the celt, so that in this respect it resembles the
stone celt types. This tends to support the view that the rude celts (Figs. 1 to 8)
are implements cast in the prevailing types of the stone celts, rather than ingots
cast in a traditional form. In fact, the examples referred to (Figs. 11-13) show
a departure in form. Fig. 10 may be compared with the small highly polished

L !!’ i

i
iy i
b

I

B9. (w. 199.) 60. (w. 194.) 83. (1897, 289) NORTH OF IRELAND.

STONE CELTS FROM IRELAND (Cf PLATE XXXIV) FOR COMPARISON WITH PRIMITIVE COPPRR CELTS.

stone celt (Fig. 60), a type not uncommon in Ireland. Copper celts of the stoue
type are relatively rare.  The Dublin collection contains ten of this class.

The developed metal form is seen in the examples beginning with Fig. 15.
I have placed this celt at the head of the series as it retains the proportions of
the stone form. It is of nearly pure copper containing only a trace of tin, and
has been rubbed down to an even surface, to which may be attributed the sharp
and irregular form of the butt end.

In the development of the metal form, the most distinctive feature of which
is the expanded cutting edge, two types appear, diverging gradually one from
the other. The thick, square, rectangular butt end is common to both, and is the
normal form of butt of the developed copper celt.
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Type I is relatively broad compared with the length (Figs. 16 to 28). The
expansion or flave of the cutting edge i some of the larger examples is a very
noticeable feature, and the eoncave curves of the sides are corvespondingly marked,
giving the celt a broad battle-axe appearance.  This type would seem to lead up
through examples sach as Figs. 24 and 25 to the broad Inonze celts with widely
expanded cutting edge.  (Wilde, Fig. 247).

Type I The cutting edge is rvelatively narrower and the sides straighter,
the form as a whole presenting a longer and more slender appearance (Figs. 29 to
49). This type appears to lead up to the conmon flat celt type of bronze.  (Wilde,
Fig. 248).

[n many speciinens types T and TE over-lap, so that it is not possible to make
u striet classification, but taking the series as a whole, the tendency to evolve
the two types, as deseribed, 1s, I think, apparent.

As the copper celts approach the type of the flat bronze celts, it will be
noticed that there is a tendency to thin down the butt end and also to round
it off, instead of the straight-ncross termination of the middle members of the
serics.  This is better represented in type 1L than in type L

The nearly equal thickness and tlat faces of the middle members of the
series also gives way Lo a gradual swelling of the hody of the celt rom both
ends (in section), the thickest part of the celt at the same thme moving up from
the cutting edge towards the centve.  These features mark the transition m the
section from the stone to the metal form.  In stone the thickest part of a celt is
generally below the middle line, it being necessary, owing to the naturve of the
waterial, to allow as mueh substance as practicable at the cutting edge. In
metal the thickest part of a Dlade is the back, corresponding, in a celt, to the
middle of the implement: the thinning ofl’ from the middle line to the butt end
being for the pwrpose of hafting, need not be taken into account. In o few
instances indications of rudinnentary flanges will he noticed (IMgs. 40, 43, 44 and
54).  These can, ndeed, havdly be ealled Hanges, being only o slight upsetting of
the sides, afterwards rubbed flat. Tt is usually only noticeable on one face.
Thus in Figs. 44 and 54 there is handly any trace of an upset on the faces
which are not shown in the figures.

Reviewing the evidence of type, it may, 1 think, be claimed that a
developient of form is found within the copper series. At one end are rude amd
leavy forms which look hackward to the stone axe, at the other forms which
approach more and morve closely the early Tronze celes. TI this is granted, it
excludes an explanation which has often been put forward to account for the
copper celts, namely, that they represent mevely local or temporary scarcity of tin.
We are compelled by type-reasons to place them at the head of the metal series.

Collatexal evidence supports this conclusion.  («) The expanded eutting edge is
essentially a metal form. 16 has reacted on the stoune celt, presumably in the peviod
ol transition between stone andinetal.  Tigs. 63 and 64 llustrate two specimens
of stone celts in the Dublin collection in which this is apparent. There ave other
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examples in the collection.  Considering the series of stone celts apart, celts of
this class must be placed typologically at the close of the series. We thus
have on the one hand the evidence of the stone celts in which the form has been
mftluenced by the metal type, and, on the other, the evidence of the copper celts
- whieh the influenee of the stone formm has <wrvived.  From hoth sides,
therefore, evidenee ol transition is forthcoming.

(1) The copper celts never show any trace of a stop-ridge. This feature
first appears, in a rudimentary fonn, in the bronze celts frequently accompanied
by rudimentary flanges.

(¢) The copper celts are never ornamented, whereas the flat bronze celts wre
often richly decorated with simple puitehed patterns.!

FixDs,

The greater number of the copper celts in the Dublin collection were
accquired ab a time when little attention was paid to the cireumstances of the finds
and association of objects, or formed part of private collections, bought from
time to time, to which the same remark applies.

The following wmre the only linds of which | have been able to obtain
information :—

(1) Three copper celts, three copper awls, and a copper knife, found in 1874,

i a bog at Knocknague, Kilbannon, co. Galway. Purchased by Royal
Irish Academy from the finder, Michacl Rafferty. Figs. 44—48. One of
the celts (IMig. 45) has been analyzed (¢in and antimony 0:79).  The
metal of all the iwmplenents in this find is identical in colouwr and
swiface lustre, and there can be no doubt that it is of the same quality.

(2) Three copper celts, a fragment of a fourth (butt end), a copper halberd,

and a short blade of copper of somewhat similar form, tound in 1892,
near Dirr, King’s Co. (Figs. 52-57). They were brought to a M.
Mowison ot Birr, from whom they were ohtained by Mr. Robert Day
of Cork, in whose collection they now ave.
The finder stated that they were found
under the hog in the white clay.  The
metal of these six objects 1s red copper, and
appears to he of the same guality m all the
speeimens.  None  of  them  have Dbeen
analyzed, but the following extract {rom
Mr. Morvison’s letter to Mr. Day, at the
time they were discovered, may be given as

an independent opinion: “They are certainly not bronze but seem

U This applies genevally (o copper celts.  The only exceptions to the contrary, with which
I am acquainted, ave six copper celts found near Malmo, Sweden, the faces of which are
decorated with concentric lines.  “These celts were portion of a large tind which included
bronze celts and other bronze objects. The celts in question are of advanced early bronze
type, with well marked flanges (Montelius, Chronvlogic der dltesten Dronzezelt, p. 55). How
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to be all copper.” The fragment (Fig. 55) has heen rubbed down to a
sharp edge at the butt, apparently for use as a small implement.

(3) Three copper celts (of type Figs. 233 and 24), found in 18638, when ploughing
at Cullinagh, near Beaufort, Killarney, co. Kerry. Day collection,
obtained through a friend from the tinder.

The evidence of these finds is very consistent.  They do not include any
object of a late type. The celts in No. 1 are of good copper type, the awls are
of an early form, and the kanife T eonsider also to he an early type. [t was
evidently sccured in the handle by a whipping of some sort of cord.  This form
of hafting may be regarded as devived from the stone age. Two other copper
kuives of this type have been found in Ireland (Fig. 49, found in a bog at
Boho, co. Fermanagh, and Fig. 50, the locality of which is not known). The
copper kuife or dagger with single rivet-hole, Tig. 51 (locality not Jknown), may
perhaps be placed in the same class.  These four examples are the only blades
of copper, exclusive of halberds, in the Dublin collection.

The halberd in find No. 2 is admittedly an carly form. 1t probably belongs
to the close of the copper or beginning of the bronze period.  Only one halberd
in Dublin collection has been analyzed. 1t contained 278 per cent. of tin.
Until a sulficient number of specimens have been analyzed we cannot draw a
conclusion. It will be observed, however, that the celts in this find ave of late
copper type, compare Fig. 39 of the type series.

The remaining find ealls for no special remark.  But it is important in
conjunction with the other finds as evidence of a number of copper aplements
having been found together without any association of bronze in widely separated
localities.

In conclusion, reverting to the distrilmtion of copper celts mentioned at
the beginming of this papey, it will now ho seen that the fact that they
have been found over, we may say, the whole of Ireland, is significant.

Only three explanations are possible :—

(1) The copper celts were made of copper for a special purpose.  The

development of type within the celt series negalives this explanation.

(2) They represent local costliness or waunt of tin.  The type sevies negatives
this explanation also.

(3) They represent a period in which copper was in general use throughout
Ireland, before bronze was known. This explanation meets the facts,
and is enforced by the tinds of associated coppeyr implements.

I should perbaps note that all the figures in the text and the plates are
redueed from my own full-sized draswings to one-half natural size, or approximately
zlinear. The specimens with asterisk have been avalyzed.  Musewn veferences
are given in each case. My thanks are dne to Messys. Day and Knowles fo
kindly placing their rich collections at my disposal.

these celts come to Le of copper (tin 0°04 and 0°31) we cannot say, but they canmot be held to
impair the general statement, which is absolutely true for copper celts of copper type.
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Nutk A,

The high percentage of tin in some of the Gornish copper ores (no doubt alsoe
to he foud in some of the copper ores of Central Europe) may have a heaving
on the question of the ovigin of hronze.  In Prelistorie Tomes (Appendix) Lovd
Avebury quotes the opinions of experts against the probahility, if not possibility,
of hronze having been produced from a mixture of copper and tin ores, or from a
mixed ore.  These opinions, however, wmre chietly divected to the question of how
the ancient Ironze was prodnced (what we may call the normal bronze of the
Bronze Age), and not to the question of its discovery, which is a diffevent (uestion.
The opinions of experts based on the experience of modern smelting, the ohject of
which is to obtain a clean slag, are of doubtful value on that point. As far us I
can see, the question turns on whether the loss of tin in the more or less open
furnace of a primitive smelter would he compensated for, and to what extent, by
its retention in the metal due (o the low temperature of the furnace; and by the
impossibility, thevefore, of extracting morve than about H0 per cent. of the metal
from the ore by a prinmitive process of smelting. . We vequive direct experiments on
this point.

Nore I

As far as 1 am aware, no copper eelts have been published from England or
Seotland. L am able to place the following on reeord. (1) A copper eelt in the
British Museum (copper 9867, tin (¥05) stated (Lreholoyia, vol. vii, . 283) to e
Irish: Mr. Gowland has since aseertained that the locality is incorrect; the
gpecimen is from Durhanm. (2) Cambridge Museum, two specimens in local collection,
from the Fens. (3) Taunton Musewn, o flat triangular copper celt from Staple
Fitzpaine, Sumerset; uoted by Hon. John Abereromby, F.S.AS,  (4-7) National
Musewm, Edinburgh, four examples: Da. 1 (Wigtownshive), 14 (no locality), 43
(Colonsay), 58 (L'erthshire).  Also some other specimens of which I amn doubtful
without closer examination. None of above, with the exception of the specimen
from Durham, have heen analyzed, but T feel confident, from the appearance of the
metal, and from the type, that they belong to the copper series.  Other specimens
will probably be found in local and private collections if looked for.
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